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Functional characterization of the Arabidopsis Nucleobase-Ascorbate Transporter family (NAT) reveals distinct 
transport profiles and novel substrate specificity  
Kevin Ann Hunt, M.S. Candidate; Dr. George S. Mourad 
Department of Biology, Indiana University-Purdue University Fort Wayne 
Abstract 
The Arabidopsis thaliana genome contains 12 putative members of 
the Nucleobase-Ascorbate Transporter (NAT) family, whose 
functions have previously eluded discovery. Radiolabeled uptake 
studies of AtNATs 1 through 8 revealed novel and distinct substrate 
specificities for each AtNAT, despite high sequence similarity, greatly 
adding to the structure-function data for this ubiquitous family. 
Introduction 
Nucleobases are pivotal in many metabolic pathways including DNA 
and RNA biosynthesis, production of energy molecules (e.g. ATP), 
carbohydrate metabolism, and nitrogen transport and storage. The 
Ascorbate (vitamin C) molecule acts as an antioxidant and enzyme 
cofactor and is involved in plant defense and growth. Such variable 
and vital metabolic roles of nucleobases and Ascorbate necessitate 
intra- and intercellular transport across membranes.  
  
The NAT family is found in every major taxa with over 2000 putative 
members.  Despite the structural similarities amongst putative 
members, the less than 20 characterized NATs have distinct 
transport profiles. Microbial, plant, and non-primate mammalian 
NATs are specific for uracil, xanthine, and/or uric acid; whereas, 
mammalian NATs transport vitamin C. These hugely different 
specificities make NATs candidates for the rational design of 
antifungal and antibacterial drugs, as human and microbial NATs 
transport different substrates. Further, a plant vitamin C transporter 
has not yet been discovered. An understanding of the structure-
function relationships of these ubiquitous transporters could lead to 
advances in biotechnologies or treatments of many diseases and 
infections (cancers, viruses, gout, etc.) utilizing the crucial 
nucleobases and /or ascorbate.  
  
AtNAT3 is expressed in high levels throughout Arabidopsis life cycle 
in leaves, roots, vasculature, flower buds, and meristematic tissues. 
Thus, this locus was chosen for full characterization. Radiolabeled 
uptake studies of the Arabidopsis putative AtNAT membrane 
transporter proteins heterologously expressed in Saccharomyces 
cerevisiae, deficient in native nucleobase transport, were utilized to 
elucidate the substrate specificity of AtNAT1 through AtNAT8 and the 
transport kinetics of AtNAT3. In planta radiolabeled uptake studies 
utilizing an AtNAT3 insertion knockout mutant confirmed xanthine 
transport. 




AtNAT3 transports [3H]Adenine, [3H]Hypoxanthine, and 
[3H]Guanine, a novel phenotype for plant NATs. 
The competition experiment was repeated 
with [3H]Hypoxanthine to ensure uric acid, 
uracil, and ascorbate are not 
transported. Guanine does compete with 
[3H]Hypoxanthine.  
All AtNATs transport [3H]Xanthine, but only AtNAT3 transports 
[3H]Hypoxanthine. 
If the transporter binds or 
transports the substrate, there will 
be a decrease in the uptake of 
[3H]Xanthine.  
 
AtNAT3 transports or binds 
hypoxanthine and adenine, but 
not uric acid, ascorbate, or 
uracil. (Guanine increased 
uptake) 
AtNAT3 is a high affinity [3H]Hypoxanthine transporter (Kd, 12.25 nM). 
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Nucleobases and ascorbate are essential compounds of many vital 
processes. A better understanding of their membrane transporters 
could aid in rational design  of many disease treating 
pharmaceuticals or in biotechnologies utilizing these compounds 
and their derivatives. Less than 1% of the NATs have been 
characterized and previous work has failed to characterize the 
AtNATs. In this work AtNAT3, the most expressed AtNAT, was fully 
characterized and novel substrate specificities were revealed for 
AtNATs 1 through 8. Despite very high sequence similarity, each 
AtNAT maintains a distinct transport profile. This greatly adds to the 
structure-function data available for this ubiquitous family and could 
lead to the discovery of amino acids required for function.  
In planta radiolabeled uptake 
Wild Type and AtNAT3 knockout mutant seeds grown for 14 days at 20 °C 
under constant light on Minimal Arabidopsis Medium (MAM) were transferred 
onto MAM supplemented with [8-3H]Xanthine (3.7 kBq/ml). After 48 hours, 10 
seedlings were weighed, homogenized in 0.5 mL 20 mM Tris-HCl (pH 8), and 
centrifuged at 11, 750 g for one minute. 0.1 mL of extract was mixed with 3 
mL EcoLume and radioactivity was measured by scintillation counter.  
          In planta AtNAT3 removed       AtNAT3 expressed in yeast 
Yeast cultures and transformation 
S. cerevisiae strain ATCC#4003158 [a his3Δ, leu2Δ, met15D, ura3Δ, fur4Δ] were 
grown on Synthetic Complete medium (SC) at 30 °C. Yeast transformation of pYES2 
(empty vector), pCC221 (AtNAT1), pRH615 (AtNAT2), pRH353 (AtNAT3), pRH613 
(AtNAT4), pRH611 (AtNAT5), pNS401 (AtNAT6), pRH616 (AtNAT7), and pRH609 
(AtNAT8) was by the lithium acetate method. Protein expression was induced by 
growth in SC-uracil media containing 2% galactose and 0.1% glucose for 3 hours. 
Yeast radiolabeled uptake 
Following induction , yeast cells were centrifuged, washed, resuspended in 100 mM citrate buffer (pH 3.5) with 1% glucose (OD600 4), and 
incubated at 30 °C  for 5 minutes. Equal volumes of yeast suspension and buffer containing [3H]substrate were combined and incubated for 5 
minutes. A sample was collected and combined with 8 mL ice-cold water to stop the reaction. The sample was vacuum filtered and the filter 
was placed in 3 mL EcoLume. Radioactivity was measured by scintillation counter. Simple uptakes were done at 0.5 µM [3H]Xanthine, 
[3H]Hypoxanthine, or [3H]Guanine; 0.25 µM [3H]Adenine. Competition experiments were at and 1 mM cold competitor. Kinetic analysis done at 
2 µM [3H]Xanthine or 0.5 µM [3H]Hypoxanthine. Nonlinear regression was performed using Prism 6.0.  
AtNAT3 transports [3H]Xanthine 
[3H]Xanthine [3H]Hypoxanthine Ascorbate Urate Adenine Guanine Uracil 
AtNAT1 + - - + +     
AtNAT2 + - - +   + + 
AtNAT3 + + - - + + - 
AtNAT4 + - -       - 
AtNAT5 + - - + -   - 
AtNAT6 + - - + -   - 
AtNAT7 + - -   -   - 
AtNAT8 + - - + + - + 
+ Transport/Binding 
